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A Study on Load Characteristics of Floating Type Pendulum Wave Energy Converter 
Tengen MURAKAMI*1, Yasutaka IMAI*1 and Shuichi NAGATA*1 
*1 Institute of Ocean Energy, Saga University 
1-48, Hirao, Kubara-aza, Yamashiro-cho, Imari-shi, Saga, 849-4256, Japan 
A floating type pendulum wave energy converter (FPWEC) with a rotary vane pump as the power take-off system 
was proposed by Watabe et al. in 1998. They showed that this device had high energy conversion efficiency. In the 
previous research, the authors conducted 2D wave tank tests in regular waves to evaluate the generating efficiency of 
FPWEC with a power take-off system composed of pulleys, belts and a generator. As a result, the influence of the 
electrical load on the generating efficiency was shown. Continuously, the load characteristics of FPWEC are pursued 
experimentally by using the servo motors to change the damping coefficient in this paper. In a later part of this paper, 
the motions of the model with the servo motors are compared with that of the case with the same power take-off system 
as the previous research. From the above experiment, it may be concluded that the maximum primary conversion 
efficiency is achieved as high as 98% at the optimal load.  
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ࣛࢫࢺ㸪ࢧ࣮࣮࣎ࣔࢱ࠾ࡼࡧ࢔࣑ࣝࣇ࣮࣒࡛ࣞᵓᡂࡉࢀ࡚࠸ࡿ㸬ᾋయࡢ඲㛗ࡣ 1340 mm ࡛࠶ࡾ㸪඲㛗ࡢἼୖഃ
1/2ࢆ᣺ࡾᏊỈᐊ㸪Ἴୗഃࢆ㐟Ỉ㒊࡜ࡋ㸪ῶᦂᯈࡣỈᐊᚋቨ࠿ࡽ 665 mmࡢ఩⨨࡟タ⨨ࡋ㸪ධᑕἼࢆࢫ࣒࣮ࢬ࡟᣺
ࡾᏊỈᐊ࡟ᑟࡃࡓࡵ㸪᣺ࡾᏊỈᐊࡢࡳࢆἼୖഃ࡟ 5 mmᘏ㛗ࡋࡓࠋᾋయࡢႚỈ dࡣ 216 mm࡛࠶ࡿ㸬ࡲࡓ㸪ᅗ 2








ࡣ㸪ᅗ 4࡟♧ࡍࡼ࠺࡟Ỉᐊᚋቨ࠿ࡽ P = 0.650 mࡢ఩⨨ࢆᇶ‽࡜ࡋ㸪P = 0.490 m࠾ࡼࡧ P = 0.325 mࡢ఩⨨࡟ኚ᭦
ࡋ࡚ᐇ㦂ࢆ⾜ࡗࡓ㸬ィ ⠊ᅖࡣ㸪Ἴ㛗OࢆỈᐊ㛗ࡉ L࡛㝖ࡋࡓ್ࡀ 0.6㹼7.0ࡢ⠊ᅖ࡜ࡋ㸪ධᑕἼࡣἼ㧗 0.015 mࡢ
つ๎Ἴ࡛࠶ࡿ㸬ᾋయືᦂࡣMVTec♫〇⏬ീゎᯒࣉࣟࢢ࣒ࣛ HALCON࡟ࡼࡾィ ࡋࡓ㸬 
Fig. 1  Experimental model with servo motors 
Fig. 2  Configuration of wave height gauges 
Fig. 3  Experimental equipment configuration in wave tank 
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1 /out inE EK                                            㸦3㸧
ࡇࡇ࡛㸪B㸦= 0.735 m㸧ࡣ᣺ࡾᏊᯈᖜ㸪HࡣධᑕἼἼ㧗㸪TࡣἼ࿘ᮇ㸪kࡣἼᩘ㸪Uࡣᐦᗘ㸪gࡣ㔜ຊຍ㏿ᗘ㸪h
ࡣỈ῝㸪Pout㸦= QZ㸧ࡣฟຊࢆ⾲ࡍ㸬 
ᅗ 6࠾ࡼࡧᅗ 7ࡣ୍ḟኚ᥮ຠ⋡ࢆ♧ࡋ㸪ᅗ 6ࡣἼ㛗O/L࡟ࡼࡿኚ໬㸪ᅗ 7ࡣῶ⾶ಀᩘ CP࡟ࡼࡿኚ໬ࢆ♧ࡍ㸬ࡲ
ࡓ㸪㸦a㸧ࡣ᣺ࡾᏊᯈ఩⨨ P = 0.650 mࡢሙྜ㸪㸦b㸧ࡣ P = 0.490 mࡢሙྜ㸪㸦c㸧ࡣ P = 0.325 mࡢሙྜࢆ♧ࡍ㸬ᅗ 7
࡟࠾࠸࡚᣺ࡾᏊᯈ఩⨨ P࠾ࡼࡧO/L࡟ࡼࡽࡎ CPࡀ 1.8 Nm࣭s/rad.࠿ࡽ 5.2 Nm࣭s/rad.࡬ቑຍࡍࡿ࡟ࡘࢀ୍࡚ḟኚ᥮
ຠ⋡ࡣ༢ㄪቑຍࡋࡓ㸬P = 0.650 mࡢሙྜ㸪ῶ⾶ಀᩘ CP = 6.0 Nm࣭s/rad.࠾ࡼࡧO/L = 1.5࡟࠾࠸୍࡚ḟኚ᥮ຠ⋡ࡢ
᭱኱್ 0.98ࡀᚓࡽࢀࡓ㸬ࡲࡓ㸪P = 0.490 mࡢሙྜࡣ㸪CP = 5.2 Nm࣭s/rad.࠾ࡼࡧO/L = 3.0࡟࠾࠸࡚᭱኱ࡢ୍ḟኚ




ᅗ 8ࡣỈᐊෆỈ఩ࡢ᫬㛫ኚ໬ࢆ♧ࡋ㸪]1ࡣ᣺ࡾᏊᯈ࠿ࡽ 40 mmἼୗഃࡢỈ఩㸪]2ࡣᚋቨ࠿ࡽ 40 mmἼୖഃࡢ
Ỉ఩ࢆ⾲ࡋ㸪ࡑࢀࡒࢀධᑕἼ᣺ᖜ]i࡛↓ḟඖ໬ࡋࡓ㸬ᅗ 8㸦a㸧ࡢ P = 0.650 mࡢሙྜ㸪O/L = 1.5࡟࠾ࡅࡿ]1ࡢ᣺ᖜ



































Fig. 5  Torque and rotational speed of pendulum shaft 
(a) Motor a (b) Motor b 
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ࡀO/L = 2.0ࡢሙྜ࡜ẚ࡭࡚ᴟࡵ࡚ᑠࡉࡃ࡞ࡗ࡚࠸ࡿ㸬ࡇࡢࡇ࡜࠿ࡽ㸪O/L = 1.5࡛ࡣ Second modeࡢᐃᅾἼ㸪ࡍ࡞
ࢃࡕᅗ 9㸦b㸧࡟♧ࡍࡼ࠺࡟Ἴ㛗ࡀ P = 0.650 mࡢ 4/3ಸࡢἼࡢ⠇㒊࡜᣺ࡾᏊᯈ఩⨨ࡀ࡯ࡰ୍⮴ࡋ࡚࠸ࡿࡶࡢ࡜᥎ 
࡛ࡁ㸪ࡇࡢࡇ࡜ࡀᴟࡵ࡚㧗࠸୍ḟኚ᥮ຠ⋡ࢆᚓࡽࢀࡿせᅉ࡛࠶ࡿ㸬୍᪉㸪O/L = 2.0࡛ࡣ᣺ࡾᏊᯈ఩⨨࡟ᐃᅾἼࡢ
⭡㒊ࡀ࠶ࡿࡶࡢ࡜⪃࠼ࡽࢀࡿ㸬ࡲࡓ㸪P = 0.650 mࡢሙྜ㸪O/L = 3.5࡟࠾࠸࡚ࡶ]1ࡢ᣺ᖜࡣᑠࡉ࠸㸬ࡇࢀࡣᚋ㏙ࡢ
First modeࡢᐃᅾἼࡢⓎ⏕ࢆព࿡ࡋ࡚࠸ࡿ㸬ᅗ 8㸦b㸧ࡢ P = 0.490 mࡢሙྜࡣO/L = 3.0㸪㸦c㸧ࡢ P = 0.325 mࡢሙྜ
ࡣO/L = 2.5࡟࠾࠸࡚]1ࡢ᣺ᖜࡣᑠࡉ࠸㸬ࡇࢀࡣ First modeࡢᐃᅾἼ㸪ࡍ࡞ࢃࡕᅗ 9㸦a㸧࡟♧ࡍࡼ࠺࡟᣺ࡾᏊᯈ࡜
ᚋቨ࡜ࡢ㊥㞳 Pࡢ 4ಸࡢἼ㛗ࡢἼࡢ⠇㒊࡜᣺ࡾᏊᯈ఩⨨ࡀ୍⮴ࡋ࡚࠸ࡿࡇ࡜ࢆព࿡ࡋ࡚࠾ࡾ㸪ࡇࢀࡀ㧗࠸ຠ⋡ࢆ







0 2 4 6 8
C
P
 = 1.8 Nm䞉s/rad.
C
P
 = 3.5 Nm䞉s/rad.
C
P
 = 5.2 Nm䞉s/rad.
C
P
 = 6.0 Nm䞉s/rad.
C
P
 = 6.7 Nm䞉s/rad.
C
P































0 2 4 6 8
C
P
 = 1.8 Nm䞉s/rad.
C
P
 = 3.5 Nm䞉s/rad.
C
P
 = 5.2 Nm䞉s/rad.
C
P
 = 6.0 Nm䞉s/rad.
C
P
 = 6.7 Nm䞉s/rad.
C
P
 = 7.4 Nm䞉s/rad.K 1 
O / L






























0 2 4 6 8
C
P
 = 1.8 Nm䞉s/rad.
C
P
 = 3.5 Nm䞉s/rad.
C
P
 = 5.2 Nm䞉s/rad.
C
P
 = 6.0 Nm䞉s/rad.
C
P
 = 6.7 Nm䞉s/rad.
C
P
 = 7.4 Nm䞉s/rad.K 1 
O / L























(c) P = 0.325 m 
Fig. 6  Changes in primary conversion efficiency due 
to wave length 
Fig. 7  Changes in primary conversion efficiency due 
to damping coefficient 
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ᅗ 10ࡣࢧ࣮ࢪ᪉ྥ᣺ᖜ X/]i㸪ࣄ࣮ࣈ᪉ྥ᣺ᖜ Z/]i࠾ࡼࡧࣆࢵࢳ᪉ྥ᣺ᖜ4/k]iࢆ♧ࡋ㸪㸦a㸧ࡀ First modeࡢሙྜ㸪
㸦b㸧ࡀ Second modeࡢሙྜࢆ♧ࡍ㸬ᅗ 10㸦b㸧ࡢ Second modeࡢሙྜ㸪ᾋయࡢືᦂࡣṤ࡝ぢࡽࢀ࡞࠿ࡗࡓ㸬୍ ᪉㸪
ᅗ 10㸦a㸧ࡢ First modeࡢሙྜ㸪ᾋయࡢືᦂࡣ᣺ࡾᏊᯈ఩⨨ P࡟࠿࠿ࢃࡽࡎ Second modeࡢሙྜࡼࡾ㢧ⴭ࡟࡞ࡗࡓ㸬
ࡲࡓ㸪First modeࡢሙྜ㸪CPࡢቑຍ࡟కࡗ࡚ᾋయࡢືᦂࡣపῶࡉࢀ㸪᣺ࡾᏊᯈ఩⨨ P = 0.325 mࡢሙྜ࡟᭱ࡶືᦂ








































































O/L = 1.5 O/L = 1.5 O/L = 1.0 


























































































O/L = 3.0 
(a) P = 0.650 m, CP = 6.0 Nm࣭s/rad. (b) P = 0.490 m, CP = 5.2 Nm࣭s/rad. (c) P = 0.325 m, CP = 5.2 Nm࣭s/rad. 
Fig. 8  Water displacement in water chamber 
Fig. 9  Standing waves in water chamber 
(a) First mode (b) Second mode 
Back wall Back wall 
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஧ḟኚ᥮⿦⨨ࡢዲ㐺໬ࡀ୙༑ศ࡛ࡣ࠶ࡿࡀ㸪ᅗ 11࡟♧ࡍ࣋ࣝࢺ࡜ࣉ࣮ࣜ࡟ࡼࡿቑ㏿ᶵᵓࢆ᭷ࡍࡿࣃ࣮࣡ࢸ࢖ࢡ
࢜ࣇࢩࢫࢸ࣒ࢆᾋయ࡟ᦚ㍕ࡋ࡚Ⓨ㟁ᐇ㦂ࢆ⾜ࡗࡓ㸬᣺ࡾᏊ㍈ࡢᅇ㌿㏿ᗘࡣ࣋ࣝࢺ࡜ࣉ࣮ࣜ࡟ࡼࡗ࡚ 28.8ಸ࡟ቑ㏿
ࡉࢀࡿ㸬Ⓨ㟁ᶵ࡟ࡣ㸪SKY-denshi♫〇 SKY-HR㸦600 rpm㸪ฟຊ 36W㸧ࢆ⏝࠸ࡓ㸬ࡲࡓ㸪ᩚὶჾ㸦Shindengen♫〇
S10VTA60㸧ࢆ⏝࠸࡚Ⓨ㟁ᶵ࠿ࡽࡢ஺ὶฟຊࢆ඲Ἴᩚὶࡋ㸪ࡑࡢᚋࢭ࣓ࣥࢺ᢬ᢠࢆ⏝࠸࡚⇕࢚ࢿࣝࢠ࣮࡟ኚ᥮ࡋ
ࡓ㸬ᮏⓎ㟁ᐇ㦂࡛ࡣ㸪᣺ࡾᏊᯈ఩⨨ࢆ P = 0.650 m࡜ࡋ࡚㸪᢬ᢠ Rࢆ 50:㸪100:㸪200:㸪300:࠾ࡼࡧ 400:࡟
ኚ᭦ࡋࡓ㸬Ⓨ㟁ᶵฟຊ Poutࡣᘧ㸦4㸧࡛୚࠼ࡽࢀࡿ㸬




ᅗ 12࠾ࡼࡧᅗ 13ࡣⓎ㟁ຠ⋡ࢆ♧ࡋ㸪ᅗ 12ࡣἼ㛗OL࡟ࡼࡿኚ໬㸪ᅗ 13ࡣ᢬ᢠ R࡟ࡼࡿኚ໬ࢆ♧ࡍ㸬ᅗ 12࡟
♧ࡍⓎ㟁ຠ⋡ࡣ㸪ᅗ 6㸦a㸧ࡢ୍ḟኚ᥮ຠ⋡࡜ẚ࡭࡚ᴟ➃࡟ᑠࡉࡃ࡞ࡗ࡚ࡣ࠸ࡿࡀ㸪ຠ⋡ࡢࣆ࣮ࢡࡣ࡯ࡰྠࡌἼ㛗
OL࡛⾲ࢀࡓ㸬ࡲࡓ㸪ᅗ 13࡟♧ࡍࡼ࠺࡟᢬ᢠ R = 300 :ࡢሙྜ࡟᭱ࡶ㧗࠸Ⓨ㟁ຠ⋡ࡀᚓࡽࢀࡓ㸬
 






ࡉࡽ࡟㸪ᅗ 15ࡣ First modeࡀⓎ⏕ࡍࡿO/L = 3.5࠾ࡼࡧ Second 
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(a) First mode (b) Second mode 
Fig. 10  Motion amplitude of floating body 
Fig. 11  Power take-off system 
Generator 
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ࡿ㸬᣺ࡾᏊ㍈ࡢᅇ㌿㏿ᗘ Nࡣ㸪ῶ⾶ಀᩘ CP࠾ࡼࡧ᢬ᢠ Rࡢቑຍ࡟కࡗ࡚ῶᑡࡋࡓ㸬ࡲࡓ㸪᭱኱ࡢ୍ḟኚ᥮ຠ⋡
ࡀᚓࡽࢀࡓῶ⾶ಀᩘ CP = 6.0 Nm࣭s/rad.࠾ࡼࡧ᭱኱ࡢⓎ㟁ຠ⋡ࡀᚓࡽࢀࡓ᢬ᢠ R = 300 :࡟࠾ࡅࡿ᣺ࡾᏊ㍈ࡢᅇ㌿
㏿ᗘࡣ࠸ࡎࢀࡶ⣙ 1.2 rpm࡛࠶ࡗࡓ㸬௒ᚋ㸪᣺ࡾᏊ㍈ࡢᅇ㌿㏿ᗘࡀ⣙ 1.2 rpm࡜ప㏿࡛࠶ࡗ࡚ࡶ㧗ຠ⋡ࡀᚓࡽࢀࡿ
ࡼ࠺஧ḟኚ᥮⿦⨨ࢆᨵⰋࡍࡿணᐃ࡛࠶ࡿ㸬 

5. ⤖    ゝ
ᮏ◊✲ࡣ㸪ᾋయᆺ᣺ࡾᏊᘧἼຊⓎ㟁⿦⨨ࡢつ๎Ἴ୰࡟࠾ࡅࡿ㈇Ⲵ≉ᛶࢆ㏣✲ࡋ㸪௨ୗࡢࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋࡓ㸬 
1. Ỉᐊෆ࡟ Second modeࡢᐃᅾἼࡀⓎ⏕ࡋࡓ࡜ࡁ࡟᭱኱ࡢ୍ḟኚ᥮ຠ⋡ 98 %ࡀᚓࡽࢀࡓ㸬 
2. First modeⓎ⏕᫬࡛࠶ࡗ࡚ࡶ㧗࠸୍ḟኚ᥮ຠ⋡ 91 %ࡀᚓࡽࢀࡓ㸬 
3. First modeⓎ⏕᫬㸪ᾋయࡢືᦂࡣῶ⾶ಀᩘࡢቑຍ࡟కࡗ࡚ῶᑡࡍࡿ㸬 
4. 㧗ຠ⋡ࡀᚓࡽࢀࡿ࡜ࡁࡢ᣺ࡾᏊ㍈ᅇ㌿㏿ᗘࡣ⣙ 1.2 rpm࡛࠶ࡗࡓ㸬 
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Fig. 14  Comparison between servo motor and 



























(a) Servo motor 
(b) Generator 
Fig. 15  Rotational speed of pendulum shaft in first 
and second modes 
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